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GENERAL NOTES. 

GEOLOGY AND PALEONTOLOGY. 

Zittel's Manual of Palaeontology. 1 — Professor Zittel's Manual 
of Palaeontology has now passed beyond the Invertebrata, and in 
the present part it enters the Vertebrata. This work appears to 
me to be the best synoptical manual of the subject which has 
yet appeared. Its scope is more comprehensive than that of most 
works of the kind, and its contents are more nearly brought up 
to the present date. In illustration it is especially meritorious, 
both in quantity and quality of figures. That the opportunities 
of its author are of the best, follows from the well-known excel- 
lence of the Museum of Munich; and his wide knowledge of the 
literature of the subject is displayed by the author at appropriate 
points in the work. 

In the present part, the subject is completed as far as the end of 
the fishes usually enumerated under the name of Ganoids, which 
term, as is well known, includes all the palaeozoic and many of 
the mesozoic forms. These, with the preceding sub-class of Se- 
lachii, are treated with much fulness of description and illustra- 
tion. A great deal of information as to the structure of certain 
forms of these fishes is here brought together, information which 
has been hitherto largely inaccessible in America. The subject 
can be now intelligently studied here. 

While we speak highly of most of the characteristics of this 
work, we cannot approve of the system in which the subject- 
matter is arranged. The inclusion of the Leptocardii and Cy- 
clostomi among fishes is a distinct departure from the modern 
systems of classification, while the admission of a sub-class, " Ga- 
noidei," is a concession to tradition rather than an expression of 
exact taxonomy. Then the inclusion of such forms as Pteraspis, 

1 Handbuch der Palseontologie. Herausg. v. K. A. Zittel, Prof. a. d. Univ. zu 
Miinchen, mitwirkung von Dr. A. Schenck. I. Abtheilung Palaeozoologie, III., vol. 
i. Lief. MUnchen u. Leipzig-: R. Oldenbourg. 8vo. 
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Pterichthys, and Bothriolepis in this " sub-class" is certainly a 
violation of the precision of definition which all true systems 
should possess. Dr. Zittel says indeed of the Pteraspididse that 
their position is entirely undecided. The " orders" of " Ga- 
noidei" we find to be unnatural in various respects. We also 
object to the use of family terminations for orders, and ordinal 
terminations for families, which the authors of the work have 
adopted. 

The fulness of this part of the subject as presented by Professor 
Zittel enables the reviewer to give a synopsis of his own views 
on the subject of the classification of the lowest Vertebrata, to 
which he has hitherto only contributed fragments. 1 This is now 
done in anticipation of a fuller memoir with complete illustrations. 

Preliminarily, the following point, originally propounded in 
substance, I believe, by Professor Haeckel, is adhered to : 

I. No vertebrate which lacks the mandibular and scapidar arches 
is a fish. 

On this account I have declined to include in the Pisces such 
forms as the Pterichthyidae and Bothriolepididse, also the Pteras- 
pididse and Cephalaspididae, but have referred the latter of them 
to the Haeckelian class Agnatha, which also includes the Mar- 
sipobranchi, or lampreys. (See Naturalist, 1886, 1027.) 

II. The primary divisions of fishes are indicated mainly by their 
cranial structure. 

This is an expression of the fact generally admitted by zoolo- 
gists, that there are at least four primary divisions so defined, — 
viz., the Holocephali, the Dipnoi, the Selachii, and a fourth di- 
vision, which was first named by Professor Sir Richard Owen, 
the Teleostomi. 

III. The divisions of the Teleostomi are indicated by fundamental 
modifications of their fin-structure. 

This taxonomic truth was first insisted on by the writer {Transac. 
Amer. Philos. Soc, 1870, p. 445), and is now repeated with em- 
phasis. The probably correct evolutionary view of Dohrn re- 
gards the fins as remains of three or four primitive longitudinal 
epiblastic folds, which have been supported by mesoblastic 
segments radiating from the central axis of the skeleton, and 
which have developed actinotrichia (mesoblastic, Ryder) within 
themselves, which have become ultimately correspondent, and 
articulated with, the internal mesoblastic segments, as fin-rays. I 
maintain that the phylogeny of the primary types of the Tele- 
ostomi will be found to be expressed in the successive stages ex- 
hibited by the process of the reduction of the internal bony 

1 Transactions of the American Philosophical Society, 1870, p. 445 ; " On the Clas- 
sification of the Extinct Fishes of the Lower Types," Proceed. Amer. Assoc. Adv. 
Sci,, 1878, p. 292; "On an Interesting Genus of Chordata," Naturalist, 1886, p. 

IJ27. 
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supports of the external folds, to the proportions and positions 
which we behold them to present in the different groups of fishes. 

IV. The orders of fishes are defined by modifications of the skele- 
ton of lesser significance than those included in statements II, and 
III. 

Under this head come modifications in the structure of the 
skull, vertebrae, and fins in which the multifarious character of 
fish evolution has displayed itself, and in which relation to the 
other classes of Vertebrata does not enter as an element of esti- 
mation. 

In accordance with proposition III. I define what appear to me 
to be the primary divisions of the Teleostomi. Before doing so I 
will state the elements of the definition. The supports of all the 
fins consist primitively (in the case of the pectoral fins, the evidence 
is only partly in our possession) of at least three longitudinally 
connected osseous elements. These correspond to what have 
been named (i) the neural and haemal spines of the vertebrae, (2) 
the axial segments 1 (interneural and interhaemal bones), and (3) 
the basilar segments 2 (so called because when present they are 





Explanation. — D, DF, dorsal fin; PVF, pectoral and ventral fins; PVA, 
pectoral, ventral, and anal fins; AF, anal fin; NSP, neural spine; Dap, dia- 
pophysis; HSp, ha;mal spine ; Axo, axonost; Bo, baseost. 

the immediate supports of the fin-rays). I first used the terms 
axial and basilar for these segments (in 1870) as homologous in 
all the fins, a view which has been since adopted by the distin- 
guished embryologist Ryder, who uses the following language 
(1. c, p. 985) : " Regarding the whole of the mobile axial skeleton 
of the Lyrifera (= Pisces) as essentially homologous, I will call 

1 Proc. Amer. Philos. Society, 1877, May. 

2 Cope, Transactions Amer. Philos. Society, 1870, p. 445; Ryder, "The Origin 
of Heterocercy and the Evolution of the Fins and Fin-Rays of Fishes ;" Report U. S. 
Fish Commission, 1886, pp. 985, 1017. The terms "actinost" (Gill) and "actino- 
phore" (Ryder) were subsequently applied to the basilars. 
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the distal parts which directly support the true rays as actino- 
phores!' Those who prefer a substantive appellation for these 
elements may call them axonosts and baseosts. The only fin which 
does not present us with the series of three in some known type 
is the pectoral, though Tristichopterus {teste Traquair) may do 
so. The axonost is sometimes represented by more than one 
segment, — e.g., Dipnoi, of which the proximal is the mesoptery- 
gium of Gegenbaur. It is accompanied in the Selachians by 
several other axonosts, which are equally in contact with the 
scapular arch. In Lepidosiren and Ceratodus it is not yet possi- 
ble to determine how many of the pectoral segments belong to 
the axonost and how many to the baseost. 

Next to the pectoral fin, the caudal presents us with the great- 
est divergence from the primitive condition ; and next to it, the 
ventral fin departs most widely. The pelvic element so called 
is the axonost of this fin. The dorsal and anal fins depart less 
considerably from the type than any of the others, but the modi- 
fications are important, and have been mostly neglected in tax- 
onomy. The following are the natural divisions represented by 
these modifications. They may be called superorders : 

Dorsal, anal, pectoral, and ventral axonosts pres- 
ent, represented by a single element to each fin. Rhipidopterygia. 

Dorsal, anal, pectoral, and ventral axonosts 
present ; the dorsal and anal numerous, each artic- 
ulating with a single baseost, if -any; the pectoral 
axonosts present in variable number, articulating 
with numerous well-developed baseosts ; the ven- 
tral axonost single, articulating with numerous 
baseosts ;....... Crossopterygia. 

Dorsal and anal axonosts as in the last ; no pec- 
toral axonost, baseosts rudimental ; a ventral axo- 
nost with numerous baseosts ; Podopterygia} 

Dorsal and anal axonosts as in the last ; pectoral 
axonost none, baseosts very few, small; ventral 
axonost present, with minute or no baseosts ; Actinopterygia? 

The orders and families of these superorders appear to the 
writer to be as follows : 

RHIPIDOPTERYGIA. 

Baseosts present in dorsal and anal fins ; . Rhipidistia. 

Baseosts wanting to dorsal and anal fins. Caudal 
axonosts present, each one articulating with a neural 
spine (Huxley); . Actinistia? 

1 Chondrostei, Owen, Cope, olim. 

2 Actinopteri, Cope, olim. 

3 Transac. Amer. Philosoph. Soc, 1870, pp. 450, 451. 
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CROSSOPTERYGIA. 

A. Dorsal baseosts present. 

Dermal rays (actinotrichia, Ryder) more nu- 
merous than baseosts; each axonost articulates 
with a neural spine ;...... Haplistia? 

Dermal rays equal in number with, and articu- 
lating with baseosts ; . . . . . . Ta'xistia. 

AA. No dorsal baseosts. 

Dermal rays equal in number with, and articu- 
lating with basilars ; axonosts not articulating with 
neural spines ; ....... Cladistia?- 

ACTINOPTERYGIA. 

I. Dermal radii more numerous (octinotrichia) 
than the baseosts and axials. 

Intercentra distinct, small; ..... Lysopteri? 

II. Dermal radii equal baseosts and axonosts. 
Vertebrae with distinct intercentra on the chorda 

dorsalis; Merospondyli. 

Vertebra with completed intercentra, which are 
amphiccel or annular ; . . . . . . Isospondyli. 

Vertebrae with completed intercentra, which are 
opisthoccel; ........ Ginglymodi. 

Vertebral column with completed intercentra and 
centra, both amphiccel ; Halecomorphi. 

The other orders of the Actinopterygia and those of the Podop- 
terygia are enumerated in my various papers on the recent fishes. 
Of the above, all are extinct excepting the Cladistia, the Isospon- 
dyli, Ginglymodi, and Halecomorphi. The families are the fol- 
lowing. To the Rhipidistia, one family, the Tristichopteridae. 
In it there is but one, a normal caudal fin, and the vertebrae are 
externally ossified. (Giinther and Traquair.) The Actinistia, one 
family, the Coelacanthidae. In the latter there are two caudal 
fins, and the vertebrae are not ossified. The Haplistia, one, the 
Phaneropleuridae (Zittel does not think this family Dipnoan 
as has been supposed). The Taxistia, two, the Cyclodipterini 
and Glyptodipterini, which should be called the Holoptychiidae, 
and the Osteolepididae. The Cladistia, one family, the Polypteridae. 
The Lysopteri, one family, the Palaeoniscidae, from which the Pla- 
tysomidae is scarcely distinct. The Merospondyli embraces the 
Sauropsidae 3 (== Microlepidoti and Cyclolepidoti, Zittel) and the 
Pycnodontidae, with other families embracing more or less numer- 

1 Loc. cit. I endeavored (1. c.) to prove that the vertical spines supporting the 
finnules of Polypterus are basilars, but I do not now consider this view correct. 

2 Cope, Amer. Naturalist, 1880, p. 440; Heterocerci Zittel, 1887. 

3 Cope, Proc. Amer. Assoc. Adv. Science, 1878, p. 298, with the Lysopterous. 
genera omitted. 
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ous genera, referred by Zittel to the families Stylodontidae, Sphaer- 
odontidse, and Saurodontidae. Genera with annular intercentra, 
as Aspidorhynchidae (Rhynchodontidae, Zitt), should be referred 
to the Isospondyli. Until the vertebral columns of the genera are 
better known, it will be difficult to decide which belong to the 
Merospondyli and which to the Isospondyli. 

The Placodermi, after the exclusion of the Pteraspididae, Ce- 
phalaspididaa, Pte'richthyidae, and Bothriolepididae, form a homo- 
geneous order. So far as the structure of the fins is known, it ap- 
pears to belong to the superorder of the Actinopterygia, 1 but this 
is not fully established. If so, it appears to have the dorsal and 
anal fin-rays equal in number with the baseosts, and these to be 
equal in number and continuous with the axonosts (according to 
Von Koenen, in Coccostens inftatus), characters not known in any 
other order of Actinopterygia. But one family is certainly known, 
the Coccosteidae, which has a hinge-like articulation of the epi- 
clavicular or clavicular plate with the cranium. 

The descriptions and figures of Professor Zittel render it per- 
fectly clear that the fishes rarely develop complete vertebral 
centra, the order Halecomorphi being the only example. The 
so-called centra of fishes are intercentra as in the Batrachia. 2 This 
is an important addition to the evidence of the affinity of these 
two classes of Vertebrata. It also shows that the mechanical 
origin of the rhachitomous vertebra in the fishes is the same as 
that which I have pointed out in the Batrachia, viz., as the effect 
of lateral flexures of the notochord on ossifications of the sheath. 
The Selachii have not experienced the rhachitomous stage, so far 
as yet known, because the primitive ossification has not been 
confined to the sheath of the notochord. — E. D. Cope. 

A Saber-tooth Tiger from the Loup Pork Beds. — The 
White River and John Day Miocene formations in North Amer- 
ica are well known to contain remains of saber-tooth cats of the 
family of Nimravidae, while the Pliocene epoch' has produced 
two species of saber-tooths of the family Felidae. Hitherto the 
Loup Fork, or Upper Miocene formation, which intervenes be- 
tween the John Day and the Pliocene, has produced no cats of 
this type. Under the circumstances it was to have been antici- 
pated that they existed during this time, and I can announce 
that this supposition may be now exchanged for knowledge. A 
part of the mandible of a large cat has been in my possession 
for a considerable time, and I propose to describe the species it 
represents under the name of Machcerodus catocopis. 

Two characters first attract the attention ; these are, first, the 
very large size of the inferior canine as compared with the in- 

• See Naturalist, 1886, p. 1031, where it is provisionally referred to this superorder. 
2 See " The Intercentrum of the Terrestrial Vertebrata," Transac. Amer. Philos. 
Soc, 1886, p. 243, by E. D. Cope. 

VOL. XXI. — NO. 1 1. 69 
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cisors ; and, second, the slight development of the flange of the 
lower jaw. The angulation of the anterior part of the lower 
jaw is very well denned, but does not descend as a flange below 
the level of the inferior border. The anterior face is well dis- 
tinguished from the lateral by the vertical angle, which is, how- 
ever, obtuse. The form is quite similar to that in Nimravus 
gomphodus. The superior half of the anterior face is, in fact, 
deeply grooved on the middle line, a circumstance due to the 
large size of the canine and small size of the incisors. The 
latter are three in number, and the roots are much compressed, 
and so crowded as to alternate with each other. The crowns are 
lost. The canine is considerably compressed, and has a sharp 
serrulate posterior cutting edge, which descends to the base of 
the crown behind. There is no anterior cutting edge. The 
shape of a section of the tooth is lenticular, the anterior angle 
rounded off; the long axis extends a little oblique to the median 
line. The apex is lost. There are three foramina on one side, 
and two on the other of the median symphysis; and there are 
three mental foramina on the best preserved ramus. 

Measurements. 

M. 

Depth of symphysis 068 

Width of symphysis at middle 031 

Width of space between inferior canines 028 

tv .... f antero-posterior 020 

Diameters inferior canine { . v 

\ transverse 013 

The large size of the inferior canine might lead to the infer- 
ence that the superior canine is not so large as in the typical 
saber-tooths. It certainly exceeds in this respect the other 
known species. The small flange cannot sustain this inference, 
since it is similar in Nimravus, which has a large superior ca- 
nine. The present species is the largest saber-tooth of North , 
America, except perhaps the Simlodon fatalis Leidy. The speci- 
men on which it is based was found by Frank Hazard in Phillips 
County, Kansas. — E. D. Cope. 

Note upon the Genus Athrodon. — In a paper upon the 
" Structure and Classification of the Mesozoic Mammalia" {Pro- 
ceedings Philadelphia Academy, June, 1887) I proposed the genus 
Athrodon, founded upon the maxilla referred to Stylodon pusillus 
by Professor Owen in his memoir upon the Mesozoic Mam- 
malia. Professor Cope has kindly called my attention to the 
fact that Athrodon is preoccupied by Sauvage {Bull. Soc. Geol., 
1880, viii. p. 530) for a genus of Ganoid fishes. I therefore pro- 
pose to substitute the term Kurtodon for Athrodon to embrace 
this genus of mammals. — H. F. Osborn. 



